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ABSTRACT:

An investigation was initiated to study the effects of different concentrations
of iron nanoparticles on physiological and biochemical characteristics of forage maize
(Zea mays L.) at different growth stages. The main factor (factor A) was different
growth stages (rapid vegetative growth, early flowering and after flowering) and the
sub factor (factor B) was spraying with iron nanoparticles at different levels (0, 0.01%,
0.03% and 0.05%). Results indicated increasing effects of boat treatments and also
interaction between them on different physiological and biochemical studied
characteristics of maize.
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INTRODUCTION
Maize or corn (Zea mays) belongs to the grasses
(Poaceae) family. Maize is developed internationally
and being the most imperative and vital grain crops
around the world. This plant has a generally short grow-
ing period and produces a high return. It isn't just a vital
human supplement, likewise an essential component of
animal feed and raw material for making of numerous
industrial products, for example, corn starch, maltodex-
trins, corn oil, corn syrup and products of fermentation
and refining industries. It is additionally being utilized
as biofuel. (Tripathi ef al., 2011; Morteza et al., 2013).

Micronutrient deficiency is one of the main
problems limiting agricultural productivity, especially in
alkaline calcareous soils (Mosanna and Behrozyar,
2015). Million hectares of cultivable land in the world
lack one or several micro nutrients. Iron is a vital micro
nutritional catalyst impetus to chlorophyll biosynthesis
and goes about as an oxygen carrier and helps in respir-
atory enzyme systems in plants. It is reported that maize
is rather sensitive to iron deficiency (Monreal et al.,
2015; Gholami et al., 2013).

More than three billion individuals over the
world experience the ill effects of micronutrient
deficiencies so it is proposed that a lot of research in the
21st century ought to be dedicated to grow new
advancements, for

example, nanotechnology for

improved take-up and accumulation of micronutrients in

the palatable plant parts. (Graham et al., 2001; Prasad et
al., 2012). Nanoparticles with 1-100 nm in diameter
have an large particular surface zone and can give high-
est amount of reactivity which encourages effective
absorption. Nanoparticles, for example, nano, TiO, nano
zinc, nano-iron, nano-aluminum could be utilized to
build the resource of components to plant shoots and
foliage. Likewise utilization of nanoparticles can en-
hance seed germination, seedling growth, encourage
improved capacity of water and manure assimilation by
roots and enhances antioxidant enzyme activity, for
example, superoxide dismutase, catalase, and subse-
quently enhanced plant protection against different
stresses. (Morteza et al., 2013).

Almeelbi and Bezbaruah (2014) studied the
effect of iron nanoparticles on spinach in hydroponic
solution and they reported significant enhancement in
plant growth and biomass by nanoparticles. Interesting-
ly iron content in spinach roots, stem and leaves
increased 11-21 times. Also in another research Fe,O;
nanoparticles were given to soybean by foliar applica-
tion and soil route (Alidoust and Isoda, 2013). Root
elongation and photosynthetic potential fundamentally
upgraded by foliar utilization of NPs yet this improve-
ment was far less when NPs were given to plant through
soil route which might be because of the precipitation of
Fe ions. (Singh et al., 2015). In a study about the effects

of iron oxide nanoparticles on some quantity, quality

Table 1. Analysis of variance of biochemical traits

Mean square

S.No S.0.V Chlla Chllb Cart Proline CAT POX SOD TSS SLPs MDA
1 A 0.02™ 0.009™ 0.038™ 53.32™ 3561™ 1.97™ 0.92™ 90.92° 0.63™ 0.000007 ™
2 EA) 0.07 0.007 0.022 @ 67.52 11289 16.86 123 9841  2.07  0.000007
3 B 047" 0107 0437 14746™ 5294™ 292" 1.74™ 7245 157 0.00001 ™
4  AxB  0.13™ 0.64™ 0.006™ 4693™  2637™ 047™ 0.62™ 20.13™ 1.01™ 0.00001"
5 EB) 015 00095 0.018  51.56 23.67 2143 067 2399  1.61  0.0000033
6 CV% 147 2633 2217  10.07 14.7 214 21.06 1519 1256  7.36

ns, * and **: Not significant, significant at the 5% and 1% levels, respectively
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Table 2. Analysis of variance of some physiological traits

Mean square

SN SOV . am  an an e B Noal Lef bl (O
weight weight  weight  weight bald tip

1 A 0.007™ 0.007™ 0.05™ 0.0063™ 0.86™ 15.14™ 237  6.03™ 021™ 125™

2 E(A) 0.04 0.047 0.07 0.035 0.18 142.0 1.47 26.58 0.48 11.10
3 B 0.04™ 0.013™  0.14* 0127 0.59™ 2035™ 031™ 225™ 0.01™ 479™

4 AxB  0.009™ 0.0081™ 0.023™ 0.0046™ 047" 452™ 017" 1833™ 053* 4.63™

5 EB) 0.015 0.02 0.037 0.01 216.61  62.14 0.38 8.62™ 0.18 0.31

6 CV% 14.47 12.39 18.55 16.56 4.01 15.27 3.95 4.0 4.19 8.19

ns, * and* *: Not significant, significant at the 5% and 1% levels, respectively

and physiological characteristics in four wheat (7riticum
aestivum L.) cultivars, they identified significant chang-
es relate to numerous characteristics including, leaf ar-
ea, duration, net digestion rate, growth rate, relative
growth rate, grain and biological yield, harvest index,
SDS silt, grain protein, and iron contents (Isvand et al.,
2014).

To utilize chemical manures productively, it is
fundamental that fertilizer is applied by foliar-
applications. The foliar application is the most ideal
approach to support plants that grow up in the soil with
low quality because of adverse pH (Ishii et al., 2002,
Mosanna and Behrozyar, 2015). The objective of this
study was to explore the impacts of Iron nanoparticle
spraying on morpho-physiological qualities of maize at

various development stages.

MATERIALS AND METHODS

This experiment was conducted in the year 2015
at the experimental field of the Sugar Beet Seed
Research Institute (SBSI), Karaj, Alborz province, Iran
(50° 58' E, 35° 50' N, elev. 1313.). The experimental
design was a split-split plots in the form of complete
randomized block design with four replications. The
main factor (factor A) was different growth stages in
three levels including rapid vegetative growth, early
flowering and after flowering. Also the sub factor
(factor B) was spraying with iron nanoparticles at four
levels including control (0), 0.01%, 0.03% and 0.05%.
Maize seeds of cultivar 704 (adapted to the region) were
planted in the middle of May with 70 cm row spacing
and 12 cm plant spacing. Biochemical characteristics
which were measured during this study were chloro-
phyll a, chlorophyll b, carotenoid, Catalase (CAT),

Peroxidase (POX), Superoxide Dismutase (SOD),

Table 3. Analysis of variance of some physiological traits

Mean square

S.0.v Stem No.of  Distance No. of Ear Ear Ear Ear tail Ear Ear wood

Diameterd inter- of ears length  diameter = wood  diameter tail diameter
node internode length length

A 0.34™ 2.01 * 0.43 ns 0.0058 ™ 3871 **  66.38™ 7.4™ 3.32™ 6.58 * 36.27 *

E(A) 5.55 1.66 2.57 0.0036 28.79 69.49 20.13 10.55 7.77 38.02

B 0.78 ™ 0.49 ™ 1.8™ 0.002 ™ 9.24™ 2276 ™ 1.51™ 09™ 0.13™ 6.14™

AxB 243™ 0.46™ 1.62™ 0.004 ™ 8.14™ 2453 *%  22.55™ 1.36™ 147 6.14™

E(B) 1.98 0.44 1.26 0.0053 8.32 3.65 2.48 1.54 8.25

CV% 6.26 422 7.2 7.2 10.89 8.15 11.12 18.0 17.79 15.7

ns, * and **: Not significant, significant at the 5% and 1% levels, respectively
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Table 4. Analysis of variance of some physiological traits

Mean square

S.No S.0.V Tassel No. of rows on No. of seed per  Total seeds Yield (in hectare)
length each ear row on ear

1 A 1.25™ 0.86 "™ 15.14™ 7867.64 ™ 39484375 ™

2 E(A) 11.10 0.18 142.0 33150.53 149164931

3 B 479 ™ 0.59 ™ 20.35™ 33739™ 54407986 ™

4 AxB 4.63™ 047" 452" 181945 ™ 872153 ™

5 E(B) 8.04 0.34 30.44 8354.49 47750579

6 CV% 8.19 4.01 15.27 17.2 13.54

ns, * and**: Not significant, significant at the 5% and 1% levels, respectively

proline, Malondialdehyde (MDA), Soluble Leaf
Proteins (SLPs) and Total Soluble Solids of leaf (TSS).
Also many physiological traits were studied include
plant height, ear height, number of leaves, leaf length,
leaf width, stem diameter, number of internode, ear
length, ear diameter, length of ear bald tip, ear dry
weight, number of seed per row, total seeds on ear, yield
(in hectare) and another measured physiological charac-

teristics which are represented in (Tables 1, 2, 3 and 4).

RESULTS AND DISCUSSION

According to the analysis of variances (Tables 1
and 2) the main factor (different growth stages) had
significant effect on some biochemical and physiologi-
cal traits including total soluble solids of leaf (P<0.05),
number of leaves (P<0.01), number of internode
(P<0.05), ear length (P<0.01), ear tail length (P<0.05)
and ear wood diameter (P<0.05). Results of the means
of comparison (Table 7) showed that early flowering
stage (A2) caused highest rate of total soluble solids of
leaf (32.11), number of leaves (15.53) and ear length
(24.94). Also after flowering (A3) resulted highest

amount of number of internode (16.1), ear tail diameter
(7.41 mm) and ear wood diameter (19.61 mm). Results
of variance of analysis identified the sub factor
(different concentrations of spraying with iron nanopar-
ticles) and had significant effect on physiological traits
including ear dry weight (P<0.05) and seed dry weight
(P<0.01) but this treatment represented more significant
effects on biochemical characteristics including chloro-
phyll a (P<0.05), chlorophyll b (P<0.01), carotenoid
(P<0.01), peroxidase (P<0.05), total soluble solids of
leaf (P<0.05) and soluble leaf proteins (P<0.01). Mean
of comparison analysis revealed that highest level of
iron nanoparticles (0.05%) resulted in the highest
amount of seed dry weight (710 gr), chlorophylla (2.85),
chlorophyll b (0.51), carotenoid (0.88) and peroxidase
(4.82) while applying 0/03% of iron nanoparticles (B3)
it showed maximum effect on ear dry weight with 1120
gr and using of 0.01% iron nanoparticles (B2) resulted
highest amount of total soluble solids of leaf (34.4) and
soluble leaf proteins (4.24). Analysis of variance for
interaction between different growth stages and spray-

ing with iron nanoparticles (AxB) recognized that just

Table 5. Mean comparison of studied traits effected by different growth stages

Traits
Ear tail E d di t
S.No Treatments TSS No. of _ No. of Earlength . cter ar wo(omm;ame e
leaves internode (cm) (mm)
1 Al 29.92° 15.4° 15.5° 22.01° 6.24° 16.65°
2 A2 32.11° 15.53 ¢ 156* 24.94*° 7.28 % 18.63°
3 A3 29.92° 12.12° 16.1° 24.38° 7.41° 19.61°
2120 Journal of Research in Biology (2016) 6(7): 2117-2123
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Table 6. Mean comparison of studied traits effected by spraying different concentrations of iron nanoparticles

Traits
Ear dry Seed dry weight
S.No Treatments Chlla Chllb Cart POX TSS SLPs weight (gr) (er)
1 Bl 254%™ 036° 045° 381° 29.69° 4.15° 10502 580 °
2 B2 273%®  037° 054° 383° 344° 424% 880 ° 470 °
3 B3 241° 034°% 0.54° 3.85° 3429° 349°% 11202 660
4 B4 285% 051°% 0.88° 4.82% 3058%* 3.73% 11002 710°

three of the studied traits include malondialdehyde
(P<0.01), leaf width (0.05%) and ear diameter (0.05%)
and have shown significant differences. Mean of com-
parison revealed that interaction between early flower-
ing (A2) and applying 0.01% and 0.03% of iron nano-
particles (B2 and B3) resulted to the maximum rate of
malondialdehyde with 0.027. Also effect of spraying
0/05% of iron nanoparticles in early flowering caused
maximum rate of ear diameter (38.24 mm) and using
iron nanoparticles 0.01% after flowering showed maxi-
mum amount of leaf width (10.8) (Tables 5 and 6).
Mosanna and Behrozyar, 2015 investigated the
effect of zinc nano-chelate foliar and soil application on
morpho- physiological characteristics of maize (Zea
mays L.) in three levels of different growth stages
(leaves stage, taselling and grain filling stage). Results

showed significant effect of nano-chalate Zn application

on characteristics include plant height, 100-grain
weight, seed yield and harvest index. Also, effect of
different growth stage on plant height, number of seed
per row and 100-grain yield was significant (p<0.01).
The foliar application of nano-chalate Zn had 94% more
seed yield per plant. Gholami ef al. (2013) reported that
the most increase in yield was obtained as a result of
iron nano chelate consumption. Also they identified that
iron Nano-chelate treatment and the treatment of simul-
taneous consumption of Nano-chelate and superabsor-
bent had remarkable impact on 1000-grain weight. Mor-
teza et al. (2013) studied the effect of nano TiO, spray-
ing on photosynthetic parts changed maize growth at
various growth stages. They detailed that the impact of
nano TiO, was noteworthy on chlorophyll content

(atb), chlorophyll a/b, carotenoids and anthocyanins.

Likewise, they reported that the greatest measure of

Table 7. Mean comparison of MDA, leaf width and ear diameter effected by interaction between
different growth stages x different concentrations of iron nanoparticle

Traits
S. No Treatments MDA Leaf width Ear diameter (mm)

1 Al Bl 0.022 < 10.31 29.25°¢
B2 0.024 b 10.10 ®°¢ 31.10 %
B3 0.023%4 10.05 % 33.80 ®
B4 0.025® 10.45 ¢ 38.052

2 A2 Bl 0.022 ¢ 10.30 36.6°
B2 0.027° 10.30% 34.85%®
B3 0.027* 10.32 ¢ 37.2°
B4 0.023 b 10.65 38.24%°

3 A3 Bl 0.025 ® 10.52 ¢ 36.6°
B2 0.025 ¢ 10.8 ° 37.25%
B3 0.025 ¢ 10.62 36.75°
B4 0.024 b 9.87°¢ 34.8 %

Journal of Research in Biology (2016) 6(7): 2117-2123
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color was recorded from the treatment of nano TiO,
spray at the reproductive stage (appearance of male and
female flowers) in correlation with control.

Other studies reported that the application of
nanoparticles can increase crop yield such as maize
yield, because of the increase of pigment amount espe-
cially at reproductive stages of plants. It includes ap-
pearance of male and female flowers for (Yang et al.,
2006 and Morteza et al, 2013). Also, Singah et al.
(2015) indicated amplifier effect of nanoparticles. They
expressed that nanoparticles facilitate site targeted de-
livery of various nutrients which needed for better
growth and high productivity of plants. It is evident
from the compiled information that effect of nanoparti-
cles varies from plant to plant and depends on their

mode of application, size, and concentrations.

CONCLUSION

Results of this study emphasized the increasing
effects of nanoparticles on crops. It is indicated that
many physiological and biochemical traits of Maize
were intensified by the using of iron nanoparticles spe-
cially when this nanoparticles spraying during early
flowering and after flowering. The significance of the
role of iron in plant physiology on one hand, and chal-
lenges in calcareous soils in connection to sufficiently
giving iron requirement to the plant at other hand, indi-
cate greater need of utilizing iron fertilizer particularly
as foliar application technique. It can be inferred that the
iron fertilizer can enhance crop development, yield and
furthermore nutritional value by expanding iron and

protein (Isvand et al., 2014).
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